Trace metal ions have important roles in life, involving a wide spectrum of activities. Thus, the determination of trace metal ions is becoming increasingly important because of increased interest in environmental samples. [1] [2] [3] Flame atomic absorption spectrometry (FAAS) has been widely used for the determination of trace heavy metal ions in water samples, [4] [5] [6] because of its high specificity and low cost. The presence of even low concentrations (ppb) of some heavy metals in natural water systems can have a hazardous effect on both wild life and humans.
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However, the direct determination of trace concentrations of these elements by FAAS is generally difficult because of matrix interference problems and concentrations that are below the detection limits of FAAS. At these low concentrations of metals, the sample often requires preconcentration before analysis can be undertaken. Several methods have been employed in the preconcentration of metal ions from aqueous solutions, such as solvent extraction using chelating agents 7 and the use of polymeric resins. 8 These methods suffer from a number of drawbacks. The use of chelating reagents (i.e. iminodiacetate resin) is time consuming, whereas organic resins possess low mechanical stabilities and the time taken for the metal ion to be complexed can reach the order of hours. In addition, these methods are often unselective towards the metal being analyzed, with interference from alkaline earth metals being particularly problematic. 9 In recent years, the use of modified silica gels in the preconcentration of trace metals has been investigated. 10, 11 As with applications in catalysis modified silica gels offer the advantages of high surface areas and increased mechanical stability. Silica gel modified with organic functional groups such as -NH2, -SH, and -CH has been a subject of great interest. 12, 13 The sorption mechanism of the modified silica gel for the metals was described by Koklu 14 Concentration and separation of some microelements on silica gel with grafted chelating groups are represented in Table 1 . [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] In the present study, the adsorption characteristics of the modified silica gel (SiG-NPPDA) and its application to the preconcentration and separation of traces of nine heavy metals viz., Cr(III) 
Experimental

Chemicals and solutions
The silica gel used in this study is of TLC grade with 70 -230 mesh size and 60 Å pore diameter, purchased from Woelm Pharma, Eschwege, Germany. Phenylenediamine (PDA) was purchased from Aldrich Chemical Company, USA, and used as received. 3-Aminopropyltriethoxysilane was purchased from Aldrich. Organic solvents were purified and dried according to conventional methods. Metal salts were all of analytical reagent grade and purchased from BDH Chemicals Company, Poole, England and Fluka Chemie, AG, Switzerland. Metal ion solutions were prepared from doubly distilled water (DDW).
To check the accuracy and precision of the proposed solid phase extraction procedure (SPE), two certified reference materials were analyzed namely: lead-zinc sulfide ore-OCrO (COD 161-96) supplied by MBH Analytical Ltd. (Barnet, UK) and stream sediment SARM 52 prepared by MINTEX (Ranburg, Republic of South Africa).
Instrumentation Atomic absorption spectrometry (AAS).
Analyses of Cr(III), Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II), Co(II), and Pb(II) were performed with a Perkin Elmer 2380 flame atomic absorption spectrometer with a conventional 10 cm slit burner head for air acetylene flame. Pye Unicam hollow cathode lamps for the investigated elements were used as spectral radiation sources. Infrared spectra studies. Infrared reflectance spectra were recorded on a Brakev/FS 48 FTIR spectrometer using a gold ball as a reference. This measurement was kindly done in the Physikallisch Technische Bundesanstalt Braunschweig, Fedral Republic of Germany. The IR absorption spectra were recorded with a Mattson 5000 Fourier transformer infrared (FTIR) spectrometer. Adjustment of pH and pH-metric titration. The pH of each sample solution was adjusted to be within the range of 3 -11 using a Berkman (Fullerton, CA) digital pH meter with glass and saturated calomel electrodes, calibrated on the operational state using standard buffer solution at 25 ± 0.1˚C. The pH metric titration measurements were done with a Metrohm 736 GP titrinoautomatic potentiometer. Thermogravimetric analysis, TGA. For thermogravimetric analysis, an automatic recording thermobalance was used in this study. The separated samples were subjected to heat at a rate of heating of 10˚C/min from 25 ± 0.1˚C to 750˚C in air.
Preparations
Synthesis of N-(3-propyl)-O-phenylenediamine (SiG-NPPDA)
adsorbent. Two hundred grams of parent silica gel were mixed with one liter of 4.0 M hydrochloric acid. This mixture was allowed to reflux with stirring for 4 h; then it was filtered and washed with doubly distilled water until an acid free silica gel phase was obtained. The active silica gel was dried in an oven at 150 -160˚C for 6 h and then left in a vacuum desiccator for future use. Thirty grams of activated silica gel were suspended into 150 ml of dry toluene; 20 ml of 3-aminopropyltriethoxysilane was then added and this reaction mixture was allowed to reflux with continuous stirring for 8 h. The modified silica gel phase was filtered, washed with toluene, then with 50 ml ethyl alcohol and finally with 50 ml diethyl ether; it was dried in an oven at 70 -80˚C for 6 h.
Ten grams of dry aminopropyl silica gel (APSG) were mixed with 20 mmol of phenylenediamine (PDA) in 200 ml dry toluene and 22 mmol of triethylamine (TEA). The reaction mixture was refluxed overnight, cooled, filtered off, washed with water, ethanol and ether, and dried under vaccum at 70˚C. 25 Preparation of complexes of the modified silica gel (SiG-NPPDA) with the investigated metal ions. For the preparation of complexes, 100 mg of the investigated modified silica gel adsorbent was added to 25 ml of 0.1 M of the metal chloride solutions (except for lead where nitrate was used instead) and the pH values were adjusted to below 5.5 (except for chromium and iron, where the pH was < 4) with 5% NaOH and 2% HCl (in case of lead, HNO3 was used instead). The samples were stirred for 24 h then the metal-adsorbent complexes were filtered, washed with DDW and dried at 80˚C.
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ANALYTICAL SCIENCES AUGUST 2005, VOL. 21 Analytical procedures Batch procedure. The data are given on the simple mean of three replicates, whereas those of applications were repeated five times from which the statistical evaluation could be derived. A total of 20 mg of the investigated adsorbent (SiG-NPPDA) was suspended with constant stirring for 30 min in 25 ml of 10 µg ml -1 of Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Co(II), or Pb(II) at the desired pH value in the range of 3.0 -11.0. The supernatant was filtered through a piece of dry filter paper immediately. The concentrations of the investigated metal ions in the filtrates were determined by flame AAS.
The distribution coefficient (Kd) and the percentage concentration of the studied metal ions on the adsorbent at equilibrium, CM,eqm%, (recovery percentage, R%) are calculated using Eqs. (3) and (4), respectively. 26 Kd(ml/g) =
Here, Cads is the metal ion concentration in the adsorbent (solid phase) and Csol is the concentration of metal ion in the solution phase.
CM,eqm, R(%) = (4)
Here, mads is the mass of modified silica gel adsorbent and Vml is the volume of solution, i.e. 50 ml in this study.
Separation of Cr
6+
(CrO4 2- )and Mn 7+ ). The separation of the Cr 6+ (CrO4 2-) and Mn 7+ (MnO4 -) was performed by the reduction of these ions into their known lower valency states using formic acid. The reduction process was done by shaking with 1 -2 ml of concentrated formic acid for 5 min after acidification with dilute H2SO4. Excess formic acid was expelled by heating for 15 min at 90 -95˚C, then the separation process was performed as described before. Sample analysis. Surface water samples were collected on 27th June, 2002, from the Nile River (Mansoura City, Egypt), Faraskour, Damietta City, Gerbi and Ras El Bar, Mediterranean Sea (in front of Ras El Bar and Damietta Port), El-Manzala Lake, Meat Anter (Talkha) and tap water samples, were collected from Mansoura and the Water Station of Mansoura City.
All samples were filtered using a sintered glass G4 filter and the total suspended matter (TSM) was determined. The pH, total dissolved salts (TDS), total dissolved oxygen (TDO) and total alkalinity (mg CaCO3 l -1 ) were determined according to literature methods. 27 All the selected samples were acidified with concentrated nitric acid to pH ≈2 and then preserved in polyethylene vessels for further use.
The organic matter was digested before the separation process; 0.5 -1.0 g of K2S2O8 were added to one liter of the selected water sample and the mixture was heated for 30 min at 95˚C. After cooling to room temperature, 100 mg of the modified silica gel was added; the pH was adjusted to 7 -8 and the mixture was stirred for 30 min then filtered. To the filtrate another 50 mg of the adsorbent was added and the pH was controlled again. The sample was stirred again for 15 min and filtered. Both residues were gathered and the collected metal ions were released by 10 ml of 2 M HNO3, to give a concentration factor of 100-fold.
A 0.25 g aliquot of each certified reference sample was weighed and dissolved in a Teflon beaker with a mixture of 45 mL HF, 15 mL conc. H2SO4 and 5 mL conc. HNO3. After
complete dissolution, the solution was evaporated nearly until dryness. The residue was dissolved in 10 mL DDW. The same previous steps of separation, elution and flame AAS determination were followed. Two pharmaceutical vitamin samples viz., Vitamax plus (Galaxo-Welcome, Egypt) capsules and Totavit (Egyphar) tablets were selected for the analysis of Cu(II), Fe(III), Mn(II) and Zn(II). The samples were brought into solution by adopting the following procedure. Each sample was treated separately with concentrated nitric acid on a hot-plate, at a low temperature, to avoid violent spurting. The residue of each sample was cooled and again 1:1 nitric acid is added. The temperature of the hot-plate was gradually increased to 300˚C. The residue obtained was dissolved in nitric acid (1:1) and was slowly heated for 2 h to procure a dry mass. Finally, the residue was dissolved in a minimum amount of DDW. The sample solution was quantitatively transferred into a 100 mL volumetric flask and then made to the mark with DDW and analyzed for Cu(II), Fe(III), Mn(II) and Zn(II), by using the recommended general procedure.
Results and Discussion
Solid phase extraction (SPE)
Influence of pH. The pH value of the medium is one of the most important factors controlling the limit of extractability of metal ions by the proposed modified silica gel, due to the competitive reactions between chelate forming groups and hydrogen ions in solution.
The effects of pH values on the logarithmic value, log Kd, of the distribution coefficient of metal ions between the adsorbent and solution are shown in Fig. 1 . At low pH values (2.0 -5.0), the distribution coefficients were generally low for all metal ions; these values were attributed to the protonation of the amine moiety which eliminates the ability of the amino group to chelate with the metal ions. The low pH values also increase the solubility of the metal ions in aqueous solution. The distribution coefficients of the metal ions on the studied adsorbent increase with increase of pH and reach their maximum values at pH ∼7 -8, except for Pb 2+ and Zn 2+ , probably due to the formation of the anionic PbO2 2-and ZnO2 2-species. At higher pH values (≥ 10), the decrease in the logarithmic values of the distribution coefficient could be attributed partly to the precipitation of metal hydroxides and 925 ANALYTICAL SCIENCES AUGUST 2005, VOL. 21 ; stirring time, 20 min; temperature, ∼25˚C).
partly to the degeneration of the modified silica gel in strong alkali. Influence of stirring time. Modification of silica gel surface with organic complexing agents results in producing metal ion extractors that need only a few minutes to complete the metal ion extraction processes in comparison with other organic adsorbents. 28 This represents one of the advantages of using silica gel as inorganic solid support for immobilization of chelating compounds. The effect of time of stirring (2 -60 min) on the recovery (R%) of the investigated metal ions at pH 7 -8 was studied, Fig. 2 . SiG-NPPDA adsorbent shows fast kinetics of equilibrium, so that 20 min of stirring was enough to reach maximum values of recovery. This fast equilibration may be related to the large surface area and pore size of the silica gel. Amount of adsorbent. The amount of adsorbant is another important parameter that affects the recovery. A quantitative retention is not obtained when the amount of adsorbent is too small. On the other hand, an excess amount of adsorbent prevents the elution of the retained chelates by a small volume of eluent quantitatively. For this reason, the amount of adsorbent needs to be optimized. For this purpose, different amounts of SiG-NPPDA adsorbent (0.2 -1.6 g l -1 ) were examined. Quantitative recoveries of the metal ions were obtained in the range of 300 -800 mg l -1 of adsorbent. Thus, 400 mg of SiG-NPPDA has been used for subsequent experiments because of easy elution. Retention capacity of the adsorbent (Cp). The retention capacity of the adsorbent was determined by a batch test. The experiment was performed by adding 100 of SiG-NPPDA adsorbent to 1 ml of 0.1 M of metal ion and 9 ml of 0.1 M alkalinated acetate buffer in a 25-ml flask. The mixture was vigorously shaken on a mechanical shaker for 30 min. The solid mass was separated by filtration and the excess unextracted metal ions in the filtrate were determined by flame AAS. The solid mass on the filter paper was dried in an oven, kept in a desiccator and then weighed to determine the mass of the adsorbent. The capacity (Cp) of the investigated SiG-NPPDA adsorbent was calculated to be 0.350 -0.450 meq g -1 depending on the type of the investigated metal ion. The sorption capacities of various metal ions properly differ due to their size, degree of hydration and the values of their binding constant with the ligand immobilized onto the silica gel. Desorption. Figure 3 depicts the effect of concentration of eluting acids on the recovery, R%, of Ni 2+ and Co 2+ , as representative examples, after separation at pH 7.0 -8.0 and constant mass of adsorbent (0.4 g l -1 ). HCl was found to show relatively better leaching efficiency and faster kinetics for the investigated metal ions from the adsorbent than HNO3. A molar concentration of the HCl or HNO3 was sufficient to obtain maximum recovery; HNO3 was preferred for application because of the limitation of using HCl in the case of Pb 2+ .
The effect of Na2EDTA as an eluent was also investigated. It was found that 0.05 M solution of Na2EDTA (pH 7 -8) has approximately the same eluting effect as HNO3 and HCl, although it causes a relative increase in equilibrium time.
The eluting efficiency of the present SiG-NPPDA adsorbent compares well with that of FCPASASG 15 and is much better than that obtained for chloromethylated polystyrene-PAN (CMPS-PAN) ion exchanger. 29 Obviously, too strong chelation between the adsorbent and the metal ions is not desirable due to irreversible binding. 10 Influence of interfering species. The analytical preconcentration procedure for trace heavy metal ions can be strongly interfered with due to matrix constituents, e.g. alkali and alkaline earth elements.
For this reason, the reliability of the tested preconcentration procedure was examined in the presence of the possible matrix elements such as acetate, oxalate, citrate, EDTA, sulfate, phosphate, chloride, NH4 + , K + and Ca 2+ , which are common ionic species in natural water samples. A high concentration of the studied species was chosen to magnify their interference effect and to be able to predict interference and to suggest a suitable solution for overcoming its effect if present. However, most of these species are present at much lower concentrations in natural water. 30 Organic species were selected to simulate the effect of naturally occurring organic matter. The results ( 
Chemical characterization Thermo-gravimetric analysis (TGA).
The TGA and DTG thermal decompositions of the active silica alone, the modified silica gel adsorbent and the SiG-NPPDA modified silica gel chelated with some metal ions, were carried out. For the active silica gel alone, the obtained TGA and DTG curves showed two catalytic degradation steps at mid points of 70 -90˚C and 340 -350˚C. The first step corresponds to the loss of humidity water contaminated on the hydrated silica. The second step corresponds to the formation of SiO2 with loss of water from the silanol (Si-OH) group of the active silica. For active silica the percentage of the total weight loss was found to be 19.5%.
For the non-chelated and the chelated SiG-NPPDA adsorbent, four distinct degradation steps could be observed. These steps correspond to a total weight losses from the start of 12.9, 10.0, 11.4, 11.1 and 10.6% for the SiG-NPPDA adsorbent alone, and for Zn(II), Co(II), Ni(II), and Cu(II) chelates, respectively. These lower weight losses of the metal chelates compared to the weight loss of the SiG-NPPDA modified silica gel show the non-catalytic degradation effect and the greater stabilization of these metal chelates. The storage stability was also examined over a period of 6 months. SiG-NPPDA adsorbent showed good stability based on the IR analysis within and after such time.
Potentiometric studies. Figure 4 shows some representative potentiometric titration curves. The potentiometric titration curve of the SiG-NPPDA adsorbent (Fig. 4, (2) ) shows two inflection points. The values of pK1 H = 9.43 and pK2 H = 13.2 refer to the stepwise dissociation of two protons. 31 When the same titration was done in the presence of the studied metal ions, the inflections on the titration curves were noticeably shifted to the right by different ratios (Fig. 4, (3) - (6)) indicating chelate formation between the modified silica gel adsorbent and each of the studied metal ion with the liberation of protons from the -NH and the -NH2 groups of the amine moiety of the investigated SiG-NPPDA adsorbent. Infrared spectral studies. The formed solid SiG-NPPDA adsorbent and its chelates with the studied metal ions were characterized by both absorption and reflectance IR studies. The IR studies of the modified silica gel SiG-NPPDA showed absorption peaks for the SiG-NPPDA adsorbent. The strong peak at 3448 cm -1 and the peak at 1314 cm -1 are due to the presence of the N-H bond. The peaks at 3392 and 3300 cm -1 are due to the presence of the NH2 group. 32 The IR spectrum of SiG-NPPDA adsorbent was compared with those of its investigated metal ions complexes after complete dryness in a vacuum dessicator for 24 h. The bands corresponding to NH and NH2 in the SiG-NPPDA adsorbent were shifted in the spectra of complexes. This shift is clearly due to the bonding between these groups and metal ions. New bands at 340 -380 cm -1 are noticed. These bands correspond to the M-N new bonds between the adsorbent and each of the investigated metal ion. 33 Attenuated total reflectance spectra of both SiG-NPPDA adsorbent and its chelates with the studied metal ions were measured. The obtained reflectance spectra were similar, although not identical to the previously done absorption IR spectra. In general, while the same peaks were observed, their relative intensities were more or less different and more intense (hyperchronic). However, comparison between absorption and reflectance spectra confirmed the same conclusion about the probable mode of coordination between the applied SiG-NPPDA adsorbent and the studied metal ions.
SiG-NPPDA is reddish-brown in color. Loaded with metal cations, the chelating silica gel changes its color drastically in accordance with the assumption that the metal cations are bonded to the modified silica gel by complex formation. SiG-NPPDA turned deep brown (Cu 2+ ) and brown (Co 2+ , Ni 2+ and Zn
2+
). Probable mode of coordination. In view of the IR and potentiometric studies, it can be concluded that the coordination between SiG-NPPDA and the investigated metal ions would take place via the -NH and -NH2 groups of the SiG-NPPDA adsorbent. In this regard, the coordination number can be completed via the hydroxide ions and water molecules available at pH 7.0 -8.0. The utilization of more than one SiG-NPPDA substrate per metal ion is unlikely because a steric effect arose from bonding to the surface of the silica base. 23 
Analytical figures of merit
The selected wavelengths of the resonance lines and other standard conditions for AAS determination of the investigated metal ions were taken from the instrumental manuals. The absorbance was found to be a linear function of concentration range (0.1 -10 µg ml the investigated metal ions were calculated using Eq. (5).
(DL)i = (5) The S.D. and the mean absorbance in Eq. (5) are for the least possible measured concentration, C -M n+ for the instrument used. The detection limits are very impressive for the studied metal ions. The analytical detection limits (DL)a were calculated by dividing the instrumental detection limit by the preconcentration factor (100 in the present study). The instrumental detection limit for most of the investigated metal ions is 7 -14 ng ml -1 , while the analytical limit is 0.07 -0.14 ng ml -1 .
The distribution coefficient, Kd was determined using Eq. (3). The Kd value is pH dependent. At pH 7.0 -8.0, the log Kd values range from 4.0 to 6.4.
The percentage concentration of the studied metal ions on the modified silica gel at equilibrium CM,eqm% (recovery percentage, R%) was calculated using Eq. (4). The recovery percentage depends on Kd which is pH dependent. At the maximum values of Kd, the recovery percentage of the investigated nine metal ions by the proposed SPE procedure ranged between 90 and 100%. In all cases, the higher values of recovery (R%) are due to the strong chelation of metal ions with the active nitrogen sites of the investigated adsorbent. This is also in agreement with the high charge densities of the studied metal ions. 34 Thus, these elements can be preconcentrated and separated quantitatively according to a single-step batch procedure. Table 3 complies the distribution coefficient values (log Kd) determined for the tested metal ions by the modified silica gel adsorbent SiG-NPPDA and compared with those determined for the same metal ions by the active silica gel alone. It is clear from the data listed therein that all the tested metal ions were found to exhibit higher distribution coefficient values due to the immobilization of PDA organic modifier. The order of increasing the distribution coefficient values can be listed as follows: Pb 2+ < Cd 2+ < Zn 2+ < Cu 2+ < Fe 3+ < Ni 2+ < Mn 2+ < Co 2+ < Cr 3+ . In order to validate the multi-elemental extraction procedure, the proposed SPE method was applied to two certified reference materials viz., lead zinc sulfide ore-OCrO (COD-161-96) supplied by MBH Analytical Ltd. (Barnet, UK) and stream sediment SARM 52 prepared by MINTEX (Ranburg, Republic of South Africa). The average contents of metal ions (n = 5) in the certified reference materials are shown in Table 4 with a precision as relative standard deviation (RSD) up to 5%. Table 4 , also, shows a comparison of the experimental mean (X -) and the true value (µ) by the |t|1 test. From Table 8 it can be noticed that |t|1 = 0.22 -2.50 for the investigated metals. This means that for all metal ions the null hypothesis of |t|1 for P = 0.05 and n = 5 is retained where the calculated experimental values of |t|1 are less than the tabulated value (|t|1 = 2.78). 35 This means that all preconcentrated samples are not subject to any systematic error, i.e. they are accurate.
Analytical application Water quality measurements.
In accordance with the requirements of routine water analysis procedures, the evaluation of general parameters such as pH, total dissolved salt (TDS), total suspended matter (TSM), total dissolved oxygen (TDO) and the alkalinity of surface water is of utmost importance for assessment of the general pollution level or quality of water.
The pH values of water samples were found to lie in the alkaline side and ranged between 7.62 -8.28 at Faraskor (river water) and El-Manzalah (brackish water), respectively. The total dissolved salt (TDS) determined for water samples indicated that only samples collected from Nile River at Mansoura and Faraskor may be considered as fresh water, while those from Nile River under Damietta Bridge, Gerbi and Ras Elbar (tongue region), seawater at Damietta Port and ElManzalah Lake are brackish water. Water samples from Ras Elbar, Port Said and Port Fouad are saline. The low TDS in seawater taken from Damietta Port is attributed to the fresh water effluent from small canals. The total suspended matter values (TSM) of the Nile River and tap water were found to be low varying within the range 0.17 -0.21 g l -1 .
Dissolved oxygen, produced by photosynthesis and consumed by breathing and organic decomposition, is an important parameter in environmental monitoring as an indicator of the quality of water and a decrease in its concentration usually indicates the presence of organic waste. 36 The TDO varied from 5.08 -7.85 mg O2 l -1 for El-Manzalah Lake and Meat Anter, Talkha (waste water), respectively. The decreased value of TDO at El-Manzalah Lake is due to disposal of some weeds, aquatic plants and living microorganisms. El-Manzalah Lake is considered as a public disposal location for wastes in the area.
The alkalinity of the surface water varied from 132 at Port Said to 178 mg l -1 CaCO3 at Meat Anter (Talkha) and ElManzalah Lake respectively. Meat Anter (Talkha) is also used as a general disposal place for the neighbouring regions. Water analysis. One area of research in which modified silicas are used for clean technology applications, other than catalysis, is in the analysis of trace components in aqueous and nonaqueous systems.
The present SPE methodology has been successfully used for trace analysis of nine metal ions in natural aqueous systems of diverse origin. The results are represented in Table 5 . From Table 5 , it can be observed that the concentrations of heavy metal ions increase clearly in the region starting from ElMansoura City (Nile River water) till they reach the highest values at Damietta Bridge. The nearby locations showed relatively higher concentrations of the investigated metal ions. This may be attributed to the domestic and anthropogenic activities along the two sides of the river in this region. However, these results still lie within the permissible levels and are in agreement with those reported previously. 29 Comparison of the results obtained from the present SPE 29 shows an appreciable increase in the heavy metal concentrations. This can be explained to be due to non-beginning of season flood of Nile River on 27th of June 2001. The seasonal flood which starts on the 1st of August leads to the reclamation and improvement in the quality of water along the Nile River.
The results of the present SPE method for Fe(III), Mn(II) and Zn(II), as representative examples, which were compared with those obtained by the standard APDC/MIBK solvent extraction method (SE). 37 The comparison indicates that the proposed procedure provides very good precision (Table 6) . Analysis of pharmaceutical samples. Solid phase extraction with SiG-NPPDA adsorbent coupled with the FAAS method of determination was applied to determine copper, iron, manganese and zinc in some pharmaceutical vitamin samples.
The analysis of these samples show experimental agreement with the given reported values (Table 7) .
Conclusion
The present study has discussed the preparation and use of modified silica gel in clean technology. The immobilization of organic reagents onto the surface of a silica gel offers a number of advantages. Modified silica gels exhibit advantages over modified resins in that they possess high surface areas, have high thermal and chemical stabilities and are not prone to swellings. Silica gels can easily be modified with a wide variety of functional groups, thus leading to their use in numerous applications. 929 ANALYTICAL SCIENCES AUGUST 2005, VOL. 21 Table 4 Statistical evaluation for analysis of some certified reference samples after preconcentration using SiG-NPPDA adsorbent (n = 5) a. Lead-zinc sulfide ore-OCrO (COD 161-96 In the present work the organically modified silica gel chelating adsorbent (SiG-NPPDA) has been successfully used for preconcentration, separation and spectrometric determination of nine trace metals in water samples, certified reference materials as well as some drugs. From the results obtained, it was concluded that the concentration of heavy metal ions increased obviously in the region starting from ElMansoura City to Damietta Bridge. This was attributed to the domestic and anthropogenic activities along the two sides of the river in this area. However, although the results lie within the permissible level, an obvious increase in the heavy metal concentrations were observed compared with those reported during the early 2000's. This can be attributed to the fact that such uptakes and measurements were done on the month of June before the normal August seasonal flood. The flood leads to reclamation and improvement of the water quality of the Nile River.
The sorption capacities of the present SiG-NPPDA adsorbent compares well with those reported for FCPASASG adsorbent recently published by Akl and her colleagues 15 and are better than the sorption capacities reported for silica gel, 19, 21, 24 Amberlite XAD-2 38, 39 and cellulose 40 supports. The adsorbent SiG-NPPDA and the solid chelates formed between SiG-NPPDA adsorbent and the studied metal ions were chemically characterized and confirmed by IR (absorption and reflectance), pH-metric titration and thermo-gravemetric (TG and DTG) analysis. The mode of chelation between the metals and the adsorbent was proposed to be due to bonding with the amine moiety of the adsorbent.
The success and reliability of the present SiG-NPPDA adsorbent method was statistically examined in comparison with the standard solvent extraction. The comparison showed the accuracy and precision of the present method.
A preconcentration factor of 100 was used to improve the limit of detection of the instrument used. 
